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Tests of two IO-f  oot-dlamster, two-blade propellers having 
Clark Y blade sections have been made in the Langley l6-foot high-qeed 
tunnel. The propellers,  designated as NACA lo-(&) (08)-03cy and 
RACA 10- (4) (08)-03m, were tested an a 2000-horsepower dynamometer throw a range of bbae -ea froxu 2 0 ~  to 55O a at airspeeds varying 
from 60 to 485 miles per hour. The MCA 10- (4) (08)-03m propeller had 
efficient a i r f o i l  sectiona extending to the spinner  sureace, and the 
NACA 10- (4) (08) -O3R[=y propeller  representa a structural coqrcrmise having 
cyfidxid s h d s  typical of conventional  propellers. 

The results of these tests a m  presented with no attsnqt havlng been 
ma& to analyze or comgare the data with other high-speed-propeller test 
results. Envelope efficiencies of over 0.W are attained f o r  both pro- 
pellers at the lower ro-t;ational speeds where  the adverse effects of 
capressibility axe amall. At  the  higher rotational speeds the envelope 
efficiencies of both propellers &re much lower. For the design blade 
angle of 45O the maximum efficiency of ths WCA lo-&) (08) -03cY propeller 
drape from 0.92 to 0.743 for an increase In hell&-tip Mach numbera 
from 0. @ to 1.08. The corresponding lose in max~mum efficiency  for  the 
U C A  lo-(&) (08)-03~cY propeller  is  from 0.90 to 0.665. 

a general aveetigaticm  is be- made in the w y  S-foot high- 
speed tunnel to determine  the  conibined  influence of prqpeller design 
parazmters and air compresaibiliw upon propeller p e r f o m c e .  The 

variatima in  blade width, thickness  ratio, shadk fom, blade section, 
and design lift coefficient or camber. All of the blade8 were deEigned 
to operate with a nLntu.wn induced-energy loss when the blade angle of 
the 0.7 radius is 45O and the blade i s  operating  at the design value of 
lift coefficient. 

< propellera used are 10 feet in diamster, and the blade designe enibcdy 
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The ccmpreeslbility problem is very imgortant in propeller deeign 
because  blade-section speeds are higher than the speed of the ailplane, 
and s t ruc tura l  requfrements lead t o  thick sectlone near the root. The 
solution of this problem led t o  the development of the f i - s e r i e e  a i H o f l  
sections which have high c r i t i c a l  Mach nunibam. Most of the blades in 
the series of RACA deaigne have the l.6-6eriee blade sectiane,  but two of 
the blade deelgns have the older Clark Y blade sections ao t ha t  a compar- 
ison CBS be made at  ugh epee& with the b l a h s  ha~lng the newer l6-series 
8 S C t i O I U  

The eingle purpose of t h i s  paper is t o  make available  the data 
obtained from tests of W e e  two Clark Y section propellers 88 quickly as 
possible  with no attempt be- made t o  analyze the results or to ccx~are  
them with other high-speed-p-peller test r e s u l t s .  
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Propeller blades.- Basic test dah are presented graphically herein 
f o r  t he  two-blade NACB 10- (4) (08)-03cy and NACA 10- (4) (08)-03RCY propellers. 
The si@pifIcasl'ce of the agtts asb. letters tn prqpeuer b3signatiollEl 
are as followe: the digits in the f f r s t  g r o q ~  give the prqpeller diameter; 
the digit in the first parenthesis is ten tFznes the basic design lift 
coefficient at the 0.7 radiue; the d ig i t s  in the second parenthesis give 
t h e  thiclmeas ratio at the 0.7 radius; the d ig i t s  in the third groq giva 
t h e  so l id i ty  per blade at the 0.7 radius; the l e t t e r  R indicates a 
blade with conventional round shank; and the letters CY ident i fy  the 
blade sections as C l a r k  Y. 

The blade-f o m  curves f o r  the WCA 10- (4) (08)-03cY and 
NACA 10-(4)(08)-03~c~ bladee are shown in figure 2. Tne 
NACA lo-(&) (08)-03m propeller has ef f ic ien t  sections from the tip to 
the 0.2 radius, whereas the NACA lo-(&) (O8)-O3RCX propeller rapi.esents 
a s t ruc tura l  co??eromise havlng-the cylindrical shanks tgpical of some 
conveatlmal  propellers. For this propel ler  a minimwn in&uced-energy 
loss is maintained  except fo r  the rounded section8 near the splnner 
surface. Figures 3 and 4 are photographs of the blades, and f igure 5 
shows a coruparism of the shank sections at two radii. 

- 

"he range of blade angles and ro t a t iona l  speeds f o r  the propellers 
tes ted is presented in table I. T h r u s t ,  torque, asd r o t a t i d  speed 
were measumd f o r  each of the blade angles Fn the table f o r  various values 
of advance r a t i o  as &Scribed fn reference 1. For the ccrnstant ro ta t iana l  
speeds, the advance ratio was varied by regulating t h e  tunnel airspeed. 
The higher blade-angh t es ta  w e r e  r u n  anly at th4 lower rotat ional  epee& 
because the dynamometer could not del iver   suff ic ient  torque to cover the 
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colqplete range of advance rat io .  The t ea t s  in which the rotat ional  Bped 
was varied were  made to obtain data a t  high hel ical- t ip  Mach nunibem with 
the propel ler  operating a t  the design blade angle af 45O. 

m e  t e s t  d a t a  c o m c t e d  for tmnel-wall interference and sp-r 
forces (reference 1) are presented in the form af the m u d  thrust and 
power coefficients and propeller  efficiency. fiopeller "uBt, 8.a used 
i n  this paper, fa defined &B the sh8ft tenaian  camed by the  portion of 
tple blades rotat ing in  the air stream. The reduction of the t e a t  data is 
outlined in detail in reference 1. 

Sevaral of t k m  test rune w e r e  repeated dur ing  and a t  the end of the 
test  p r o m .  The results of these  teeta a.greed closely  with the original, 
indicating the t o t a l  error in the basic data t o  be less than 1 percent 
f o r  comparisons of data obtained i n  this sequence a p t e s t s .  

The f a i r e d   c m e 8  of thrust coefficient, power coefficient, and 
propel ler   eff ic iency  plot ted  as inat  advance r a t i o   f o r  the t ea te  of 
NACA 10- (4) (08)-03m and I?ACA 10- (4) (08) -03RCY propellera are presented 
in  figures 6 through 19. The test points are aham 021 the graphs of 
thrust and power coefficients. Tple variation of hel ical- t ip  Mach number 
and air-stream Mach number with advance r a t i o   appear^ on the figure8 
showing propeller  efficiency. 

The variation of propeller envelope efficiency  with advance r a t i o  
f o r  the various  rotati- qeeds  is presented $n figure 20 f o r  the 
EACA 10- (4) (08) -03CY p r o p e a r  and in figure 21 f o r  the NACA 10- (4) (08) - 0 3 X Y .  
E-~v-elope efficiencies of over 0.90 were a t ta lneu  for both propellers B t  
the lower rotat ianal  speeds where ule adverse effecte of comgressibility 
axe smJ3.. The range of advance r a t i o   f o r  v'hich efficiencies of over 0.90 
were attained is much smaller f o r  the round-shank prqeeller than for the 
wide-shank propeller. The m~urimum eff ic iency  for  the wide-shank propeller 
is 0.93 and f o r  the round-shank propeller I s  abokt 0 .gl. These m&Xinnlm 
efficiencies  occur at  an advance r a t i o  near 2.1 f o r  khich  the propellere 
w e r e  designed. A t  the higher rotat i& speeds the envelope efficiencies 
of both propellers am much lower, and a t  u60 r p m  the mimum efficiency 
of the round-shank propeller is lees than 0.80. 

51 figura 22 the envelope efficiency of the NACA 10-(4)(08)-03(r~ 
propeller a t  1350 rpm is compared with t,he opthum efficiency of a two- 
blade propeller with the Betz minirmun induceLenerg 10s-s loadlng. This 
optimum efficiency was calculated by a method (reference 2) neglecting 
all prof ile-drag  losses for a two-blade propeller  operating a t  the 
8- values of power coefficient as w e r e  obtained w i t h  the 
NACA 10- (4) (08)-03c~ propeller. The optbum  efficiency talres into 



MACA RM No. -7 5 

account the induced losses, both axial and rotational.  The difference 
between the envelope and opt- efficiency c w e s  is  a t t r ibu ted   to  
profile-drag losses. This difference is approx-tely 2 percent at the 
point of maximum envelope efficiency. The correqmdlng  curves  for the 
round-shank propeller are sham fn figure 23. 

Figure 24 shom the ef fec t  of comgressibili-ty on the nraximum 
efficiency of both Clark Y section  propellers  operating a t  the  design 
t-e a n a e  of 45O. The m s x i m ~ m  eff ic ieucies  of both propellers are 
plot ted aga,ins t helfcal-t ip Mach nuniber. The variation of air-stmxm 
B c h  nunib3r with hel ical- t ip  hbch nuniber is shown a the same figure. 
The ~llaximum efficiency of the round-shank propeller is lees than the 
efficiency of the wtde-ekeak gropeller throughout the range of Mach 
nunibere, and the difference increases with increasing Mach number. From 
a hel ical- t ip  Mach number of 0.6 t o  1.08.the maximum efficiency of t h e  
XACA 10- (4) (08) -03CY propeller drops from 0.92 t o  0.745. The corresponding 
loss i n  maxim efficiency  for  the W C A  10- (4) (08)-03~m propeller is from 
0.90 t o  0.665. 

Langley Aeronautical  Laboratow 
National Advisory C c m n i t t e e  f o r  Aeronautics 

Langley Field, Va. 

1. Corean, Blake W., Jr., and Maynard, Julfan D.: The NACA 2000~Eorsepower 
Propeller Dynamometer  and Testa at Hi@ S p e d  of an NACA 10- (3) (08)-O3 
Two-Blade Propeller. NACA RM No. L n S ,  1948. 

2. Crigler, John L., and Tallrin,  Herbert W.: C h a r t s  f o r  Detsrdning 
Propel ler  Efficiency. NACA ACR Bo. L4129, 1944. 
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Figure 1.- Propeller mounted on dynamometer in test section wi th  tunnel open. 

. .  





HACA RM No. L8EW 

-64 

-60 

.56 

.52 

.48 

114 

q A0 
r: 

0 

e -32 

- -36 
" 

t 

u) 

x c 
0 

-28 

.- .24 
c 

% -20 
0 z 

.I 6 

. I  2 

.OS 

.O 4 

0 

7G 

72 

68 

64 
0 a 

60 *. 
SQ 

56 a- 
0 
- 

52 

' a  
48 

zl 
44 

40 

36 

0 .I .2 .3 !? .5 .6 .7 .8 .9 1.0 
32- 

Fraction of tip radius, r/R . 

Figure 2.- Blade-form curves for NACA lO-(4) (08) -03CY and 
10-(4)(08) -03RCY propellers. 
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. 
Figure 3.- Photograph showing plan form of NACA 10-(4)(08)-0 

propeller blades. 
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Eigure 4. - Photograph showing plan form of NACA 10 -(4) (08) -0 3RCY 
propeller  blades.  -qiz&7= 
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NACA 10-408-03 RCY )- NACA IO-408-03CY 

\ 
/ 

/ 

" / 
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Figure 5. - Shank sections of NACA 10-(4)(08) -OXY and 10-(4)(08) 43FLCY propeller blades. 
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Advance ratio, J 

(a) Thrust  coefficient. 

Mgure 6.- Characteristics of  NACA 10-(4)(08) -OXY propeller. Rotational speed, 1140 rpm. 
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(b) Power coefficient. 

Figure 6.- Continued. Rotational speed, 1140 rpm. - 
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Advance raiio, J 

(c) Efficiency. 

Figure 6;- Concluded. Rotational speed, 1140 rprn. 
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Figure 7. - Characteristlcs of NACA 10-(4)(08) -OXY propeller. Rotational speed, 1350 rpm. 
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(b) Power coefficient. 

Figure 7.- Continued. Rntational speed, 1350 rpm. 
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* (c)  Efficiency. 

Figure 7.- Concluded. Rotational speed, 1350 rpm. 
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Figure 8. - Characteristics of NACA 10-(4-)(08) -OXY propeller. 
Rotational speed, 1500 rpm. P 0.75R - - 45O. 
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(a ) Thrust coemcient. 

Mgure 9.- Characteristics of NACA 10-(4)(08) -OSCY propeller. Rotational speed, lB00 rpm. 
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(b) Power coefficient. 

Figure 9.- Continued. Rotational speed, l a 0  rpm. 
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(c) Efflciency. 

figure 9.- Concluded. Rotatford speed, 1600 rpm. 
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Figure 10.- Characteristics of NACA 10-(4)(08) 4 X Y  propeller. Rotational speed, 2000 rpm. 
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(b) Power coefficient. 

Figure 10.- Continued. Rotational speed, 2000 rpm. 
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(c) Efficiency. 

Figure 10.- Concluded. Rotational speed, 2000 rpm. 
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(a) Thrust coefficient. 

Figure 11.- Characteristics of NACA 10-(4)(08) -OXY propeller. Rotational speed, 2180 rpm. 
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(b) Pawer coefficient. 

Figure 11.- Continued. Rotational speed, 2160 rpm. 
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(c ) Efficiency. 

Figure 11.- Concluded. Rotational speed, 2160 rpm. 
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(a) Air-stream Mach  number at maximum efficiency, 0.555. 
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(c)  Air-stream Mach number at maximum efficiency, 0.631. 

Figure 12. - Continued. 
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(a) Thrust  coefficient. 

Figure 13.- Characteristics of NACA 10-(4)(08) -03RcY propeller. Riotational speed, 1140 rpm. 
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Figure 13.- Continued. Rotational speed, 1140 rpm. 
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(c) Efficiency. 

Figure 13.- Concluded. Rotational speed, 1140 rpm. 
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(a) Thrust coefficient. 

Figure 14.- Characteristics of NACA 10-(4)(08) -0sRCY propeller. rtotational speed, 1350 rpm. 
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(b) Power coefficient. 

Figure 14.- Continued. Rotational speed, 1350 rpm. 
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Flgure 14. - Concluded. Rotational speed, 13% rpm. 
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Figure 15. - Characteristics of NACA 10 -(4) (08) -03RcY propeller. 
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(a) Thrust coe€€icient. 

Figure 18. - Characteristics of NACA 10-(4) (08) -03RCY propeller. Rotatiowd speed, 1600 rpm. 
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(b) Power coefficient. 

Figure 16.- Continued. Rotational speed, 1600 rpm. 
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Figure 16.- Concluded. Rotational speed, 1 8 0  rpm. 
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Figure 17.- Characteristics of NACA 10-(4)(08) -03RCY propeller. Rotational speed, 2000 rpm. z 
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(b) Power coefficient. 

Figure 17.- ContLnued. Rotational speed, 2000 rpm. 
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Figure 17.- Concluded. Rotational speed, 2000 rpm. 
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(a) Thrust coefficient. 

Figure 18.- Characteristics of NACA 10-(4)(08) 43RCY propeller, Rotational speed, 2180 rpm. 
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Figure 19.- Continued. 
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(d) Mr-stream Mach number at maximum ernciency, 0.63. 

Figure 19. - Concluded. 
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Figure 20.- Propeller efficiency envelope curves for NACA 10-(4)(08) -OXY propeller. 
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Figure 21.- Propeller efficiency envelope curves for  NACA 10-(4)(08) -03RCY propeller. 
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Figure 22. - Comparison of envelope eBiciency of NACA 10-(4)(08) -OXY propeller at 1350 rpm 
with optimum efficiency of the two-blade propeller with &tz loading. E 
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Figure 23.- Comparison of envelope efflciencg of NACA 10-(4)(08) -03RCY propeller at 1350 rpm 
with optimum efttciency of the two-blade propeller with Betz loading. 
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Figure 2.4. - Effect of compressibility on mazdmum efficiency of NACA 10-(4) (08) -OXY and ? 
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